Modern experimental spectroscopy now investigates extremely fluxional molecules in which all vibrational motions have amplitudes comparable in size to the linear dimensions of the molecule. In customary rovibrational theory, vibration is assumed to cause only minor distortions of the equilibrium structure, and so the molecule is viewed as a rotating, near-static system. Clearly, this theory fails for an extremely fluxional molecule. An example is protonated methane (CH + 5 ), 1 for which customary theory fails to simulate reliably even the low-energy spectrum.
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Strong intrinsic coupling of rotation and vibration precludes the usual symmetry analysis of the rovibrational states in the molecular symmetry (MS) group, 2 as this involves initial, separate classifications of rotational and vibrational states. We show that the customary technique of equivalent rotations 3 is applicable only for MS groups that are (isomorphic to) subgroups of SO(3), the special orthogonal group in three dimensions. 4 To the best of our knowledge, however, the MS group of CH + 5 , G 240 = S 5 ⊗ {E, E * } , is the first example of an MS group which is neither a subgroup of SO(3), O(3), nor SU(2). Thus, a separate symmetry classification of vibrational and rotational states becomes impossible for CH + 5 , consistent with the fact that a decoupling of vibration and rotation is impossible. We discuss the consequences of this and show that CH + 5 represents a new class of molecules, for which usual group theoretical methods for determining selection rules and spectral assignments fail. Abandoning the ideas of customary theory, we propose a more general group theoretical treatment of extremely floppy molecules in which rotation and vibration are considered to be inherently coupled. This potentially leads to a new combined rotation-vibration quantum number.
